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Low-luminous-transmittance glass 

This invention relates to compositions of soda-lime type glass with 
low luminous transmittance; typical transmissions for a 4 mm thick sheet do not 
exceed 20%. 

The expression "soda-lime glass" is used here in the broad sense 
5 and relates to any glass containing the following constituents (percentages by 
weight): 



Si0 2 


66 to 75% 


Na 2 0 


10 to 20% 


CaO 


5 to 15% 


MgO 


Oto 5% 


Al 2 0 3 


oto 5% 


K 2 0 


oto 5% 



This type of glass is very widely used in glazing for buildings or 
15 motor vehicles, for example. It is usually manufactured in the form of a ribbon by 
a float process. The ribbon can then be cut into sheets which can then be curved 
or undergo a treatment to strengthen their mechanical properties, such as 
thermal tempering. 

It is generally necessary to refer the optical properties of a sheet of 
20 glass to a standard illuminant. In this description, two standard illuminants are 
used: illuminant C and illuminant A as defined by the International Commission 
on Illumination (CIE). Illuminant C represents average daylight with a colour 
temperature of 6 700 K. This illuminant is especially useful for evaluating the 
optical properties of glazing for buildings. Illuminant A represents the radiation 
25 from a Planck radiator at a temperature of around 2 856 K. This illuminant 
simulates the light emitted by automobile headlamps and is generally used to 
evaluate the optical properties of automotive glazing. The International 
Commission on Illumination also published a document entitled "Colorimetry, 
Official Recommendations of the CIE" (May 1970) describing a theory according 
30 to which the colorimetric coordinates for light of each wavelength in the visible 
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spectrum are defined so that they can be represented on a diagram with 
orthogonal x and y axes, known as the CIE 1931 tri-chromatic diagram. This tri- 
chromatic diagram shows the region representing the light of each wavelength 
(expressed in nanometres) of the visible spectrum). This region is known as the 
5 "spectrum locus" and light that has coordinates on this spectrum locus is said to 
have 100% excitation purity for the appropriate wavelength. The spectrum locus 
is closed by a line known as the line of purples which joins the points of the 
spectrum locus whose coordinates correspond to the wavelengths 380 nm (violet) 
and 780 nm (red). The area between the spectrum locus and the purples line is 

10 the area available for the tri-chromatic coordinates of any visible light. The 
coordinates of the light emitted by illuminant C, for example, correspond to x = 
0.3101 and y = 0.3162. This point C is considered to represent white light and 
therefore has an excitation purity of zero for any wavelength. Lines can be drawn 
from point C towards the spectrum locus at any desired wavelength and any point 

15 located on these lines can be defined not only by its x and y coordinates, but also 
as a function of the wavelength corresponding to the line on which it is found and 
its distance from point C in relation to the total length of the wavelength line. 
Therefore, the hue of the light transmitted by a sheet of coloured glass can be 
described by its dominant wavelength and its excitation purity expressed as a 

20 percentage. 

The CIE coordinates of light transmitted by a coloured sheet of glass 
will depend not only on the composition of the glass but also on its thickness. In 
this description, and in the claims, all values of excitation purity P and dominant 
wavelength Xd of the transmitted light are calculated from the specific internal 
25 spectral transmittance (TSIx) of a 5 mm thick sheet of glass. The specific internal 
spectral transmittance of a sheet of glass is governed only by the absorption of the 
glass and can be expressed by the Beer-Lambert law: 

TSIx = e E AX where A*., is the absorption coefficient of the glass (in 
cm- 1 ) at the wavelength considered and E the thickness of the glass (in cm). As a 
30 first approximation, TSIx can also be represented by the formula 

(l 3 + R2)/(li-R0 

where Ii is the intensity of the incident visible light at the first face of the glass 
sheet, Ri is the intensity of the visible light reflected by that face, I 3 is the intensity 
of the visible light transmitted from the second face of the glass sheet and R 2 is 
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the intensity of the visible light reflected back inside the sheet by the second face. 

In the following description and the claims, we also use: 

- total luminous transmittance for illuminant A (TLA), measured for a thickness 
of 4 mm (TLA4). This total transmittance is the result of integrating between the 

5 wavelengths of 380 and 780 nm the expression: Z T^.E^Sx / 2 E x .Sx in which T^ is 
the transmittance at wavelength X, Ex is the spectral distribution of illuminant A 
and Sx is the sensitivity of the normal human eye according to the wavelength X. 

- the total energetic transmittance (TE), measured for a thickness of 4 mm (TE4). 
This total transmittance is the result of integrating between the wavelengths of 

10 300 and 2500 nm the expression: S T^.E^ / Z E x in which Ex is the spectral energy 
distribution of the sun at 30 0 above the horizon. 

- the selectivity (SE), measured as the ratio of the total luminous transmittance 
for illuminant A to the total energetic transmittance (TLA/TE). 

There is demand for glazing with high light absorption in both 
15 buildings and automotive applications. In addition to low luminous 
transmittance, very low energetic transmittance is also usually required. 

The choice of compositions also involves colour transmittance and 
reflection characteristics. Demand for highly absorbent glass mainly relates to 
sheets offering good neutrality. This is characterised by the degree of colour 
20 purity. A neutral coloration corresponds to a purity well below 10. • 

Making glass satisfying a set of conditions of the type indicated 
above involves a particularly delicate choice of colouring materials, especially as, 
in addition to the performance of glass made with these compositions, there are 
also conditions affecting the choice of materials that can be used, taking account 
25 in particular of the requirements related to the manufacturing techniques. For 
instance, colouring materials designed to absorb infrared radiation tend to 
prevent the attainment of uniform temperatures in the baths of the melting 
furnaces, which are heated from above by radiation. 
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The object of the invention is achieved by a soda-lime type glass 
composition comprising colouring elements in the following proportions by 
weight: 

Fe 2 0 3 1.1 to 1.5% (total iron in the composition) 

Co 150 to 200 ppm 

Cr 2 0 3 25 to 100 ppm 

Se 10 to 50 ppm 

MnO less than 600 ppm 

Ti0 2 less than 0.1% 

the constituents of the composition, especially the coloured elements, being 
selected in such proportions that the luminous transmittance under a thickness of 
4 mm, TLA4, is less than 20%, and the energetic transmittance, TE4 (Moon), is 
also less than 20%. 

In addition to the main constituents listed above, the compositions 
according to the invention can include first of all constituents that usually take 
the form of impurities in the proportions conventionally observed, and which 
come in particular from the raw materials used. These inevitable impurities 
nevertheless have a very limited influence on the properties of the glasses 
concerned. 

The compositions according to the invention can include additional 
colouring agents usual in glass such as Ce0 2 , Ti0 2 , V 2 0 5 , NiO.... 

If each of the constituents of the composition according to the 
invention is itself known for the type of properties that it can induce, along with 
any disadvantages of its use, the complexity of the systems envisaged is 
determined by the number of constituents and the many compromises necessary 
to best achieve the desired result. 

For instance, ferric iron is one of the main substances that reduces 
luminous transmittance. A high content of ferric iron produces colouration and 
transmittance in yellow-brown colours. In order to obtain a more neutral shade, 
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this colouring must be compensated using other colouring constituents in the 
composition. 

Ferrous iron is an important element. It contributes a significant 
amount of the composition's power to absorb infrared radiation. While Fe3 + ions 
5 lead to slight absorption of low-wavelength visible light (410 and 440 nm), the 
presence of Fe 2+ makes the glass highly absorbent for a band centred around a 
wavelength of 1050 nm. For this reason it is the Fe 2+ ions that control the 
energetic transmittance of glass. The increase in the concentration of ferrous iron 
is accompanied by a reduction in TE and an increase in the selectivity of the glass. 

10 Total iron in the composition does not exceed 1.5% by weight and, 

preferably, does not exceed 1.35%. Similarly, while the content is not less than 
1.1% by weight, it should preferably be at least 1.2%. 

Taking account of the respective effects of ferrous iron and ferric 
iron, the ratio of ferrous iron to total iron expressed as ferric iron, which 
15 characterises the redox state of the composition, is preferably established 
according to the invention at a value: 

o.20<F 2+ /total Fe <o.26 

and ideally at: 

o.2i<F 2+ /total Fe <o.25 

20 Besides iron, the effects of the various colouring agents taken 

individually to obtain a glass are as follows (according to "Glass" by H. Scholze - 
translated by J. Le Du - Institute of Glass - Paris): 

Cobalt: The Co n 0 4 group produces an intense blue colouration, with 
a dominant wavelength almost opposite that given by the iron-selenium 
25 chromophore. 

Chromium: The presence of the Cr m 06 group gives rise to 
absorption bands at 650 nm and produces a light green colour. More intense 
oxidation gives rise to a Cr VI 0 4 group which produces a very intense absorption 
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band at 365 nm and gives a yellow colouration. 

Selenium: The Se4+ cation has practically no colouring effect, 
whereas the uncharged Se° element gives a pink coloration. The Se 2 - anion forms 
a chromophore with the ferric ions present, so giving the glass a brownish-red 
colour. 

Manganese: This appears in glass in the form of practically 
colourless Mn n 06. However, alkali-rich glass has a violet colour owing to the 
Mn HI 06 group. 

Titanium: Ti0 2 in glass gives a yellow coloration. For large 
quantities, the Ti in C>6 group can even be obtained by reduction, which gives a 
violet or even brown colouring. 

The energetic and optical properties of a glass containing several 
colouring agents therefore result from a complex interaction between them. 
Indeed, the behaviour of these colouring agents depends to a large extent on the 
redox state and hence on the presence of other elements that can influence that 
state. 

Considerations other than those concerning the colouring 
properties of the these elements also influence the choice of the compositions 
according to the invention. For example, selenium should preferably be used in 
relatively small quantities in the compositions according to the invention. 
Selenium is difficult to introduce into the composition because it is highly 
volatile. Moreover, since the regulations governing atmospheric emissions are 
increasingly stringent, in order to avoid having to resort to costly elimination of 
selenium present in the fumes, it is preferable to keep its content as low as 
possible in the fumes and hence in the compositions themselves. 

Selenium content does not exceed 50 ppm in the compositions. Its 
content should preferably be kept below 40 ppm and can even be as low as 20 
ppm or even 10 ppm. 

When MnO is present in the composition its content does not 
exceed 600 ppm. Chromium content should not exceed 100 ppm and should 
preferably not exceed 80 ppm, and can even be as low as 25 ppm. 
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Compositions according to the invention have a cobalt content 
between 150 and 200 ppm. It should preferably be between 160 and 190 ppm. 

By adjusting the proportions of the various constituents as best as 
possible, the excitation purity, P, of the compositions coloured according to the 
5 invention, in other words the colour neutrality, which is always less than 10, 
should ideally not exceed 5. For certain compositions it is particularly preferable 
that it should not exceed 4. 

The luminous transmittance, TLA4, of less than 20% can be reduced 
to significantly lower values, notably less than 19%. In the context of the 
10 invention, for the uses considered, whether automotive or building glass, TLA4 
should preferably not be less than 14%. 

It is best to keep the energetic transmittance of the glass according 
to the invention as low as possible. While it is always less than or equal to 20%, it 
is best such that the selectivity (TL/TE ratio) is greater than or equal to 1. 

15 Glass according to the present invention may be manufactured 

using conventional techniques. Natural materials, recycled glass, slag or a 
combination of these materials can be used as raw materials. The colorants are 
not necessarily added in the form indicated, but this means of giving the 
quantities of added colouring agents, as equivalents in the forms indicated, 

20 corresponds to the usual practice. In practice, the iron is added in the form of 
rouge, the cobalt is added in the form of hydrated sulphate, such as C0SO4.7H2O 
or C0SO4.6H2O, the chromium is added in the form of dichromate such as 
K2Cr 2 0 7 , or chromite such as (Mg,Fe 2+ )0(Cr,Al,Fe3+) 2 0 3 . The vanadium is 
introduced in the form of oxide or sodium vanadate. Any selenium present is 

25 added in elemental form or in the form of selenite such as Na 2 Se0 3 or ZnSe0 3 . 

Other elements are sometimes present as impurities in the raw 
materials used to manufacture the glass according to the invention, whether in 
the natural materials, recycled glass or slag, but when these impurities do not give 
the glass properties outside the limits defined above, the glass is regarded as 
30 compliant with the present invention. 

The present invention will be illustrated by the following specific 
examples of optical properties and compositions. 
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